NOTICE:  Waea  goveiament  or  ot^er  drawings,  speci* 
fications  or  otker  data  are  used  for  any  pui^se 
Other  them  in  GOnneetion  with  a  definitely  related 
government  procurement  operation,  the  U.  §. 
GoverBaent  thereby  incurs  no  responslhility^  nor  any 
ohligation  whatsoever;  and  the  fact  that  the  Govern* 
ment  raay  have  foraulated>  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  he  regarded  hy  implication  or  other* 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rlsd^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  he  related 
thereto. 
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Sioulatlon  may  Ise  traced  UadE  to  the  heglaaiog  of  tlae  -•  be  it  the 
lahe'believe  vorid  of  the  child  at  play>  or  the  adult  make«believe  vorld  of 
the  stage.  The  iipetus  for  nodera  scientific  siaulation  came  vith  die  develops 
Dent  of  analog  cooputers  in  the  1930'i;  and  pregressed  even  further  vhen  the 
electrode  digital  co^uters  were  created.  The  veiy  deflMtion  of  an  analog 
cosputer  contains  the  notion  of  sinulation^  vis.,  a  device  vhich  sliaulatea 
sooe  Dstheaatical  process  and  in  vhich  the  results  of  this  process  can  be 
observed  as  physical  quantities,  such  as  voltages,  currents,  or  shaft  positions. 
v^He  there  is  no  doubt  that  the  analog  conputer  represents  one  aspect  of 
simulation,  the  truly  nev  simulation  advances  came  vith  the  digital  conputer. 

In  the  past  two  decades,  since  the  development  of  Mark  I  by  Hovard  Aiken  and 
Since  Eckert  and  Kauchly  designed  the  Eitiac>  tremendous  strides  have  been  aade 
in  science  and  technolo^  ascribable  directly  to  the  flourishing  new  cosputing 
diselpllna. 


The  revolutionary  ii^act  of  the  electronic  conputer  on  our  society 
may  well  be  equal  to  that  of  atomic  energy  --  and  may  sictually  surpass  it  in 
the  long  run.  A  direct  consequence  of  the  computer  is  the  burgeoning  activity 
vhich  collectively  goes  under  the  name,  "simulation.''  The  growing  avareness 
and  popularity  of  this  field  of  activity  is  evidenced  by  an  article  in  Business 
Week  in  vhleh  a  parallel  is  dravn  betveen  the  groip  of  simulation  experts  and 
the  group  of  painters  koovn  as  the  Futurists.  JUst  aw  the  art  vorks  night 
bear  no  direct  rese^lance  to  the  subjects  for  vhich  they  vere  named#  so  the 
nathenaticad  formuliw,  flov  diagrams,  and  eeeputer  outputs  bear  no  direct 
resemblaace  to  the  physical  vorld  vhich  they  simulate.  Moreover#  thit  symbolic 
art  "represents  a  nassive  assault  on  tradition  in  this  case,  the  traditional 
lurt  of  mansging  large  orgiuiitations."  (19)  This  assault  involving  scientific 
systems  auudysis  and  simulation  techniques  first  occurred  on  mLlltazy  systems 
prOblena#  but  more  recently  haa  found  its  vay  into  builness  and  induatrlal 
•yatems  pxoblema  at  veil. 


Oeflftitloni 


To  appraise  the  current  vork  In  sliiulation  Is  the  general  purpose  of 
this  paper,  in  the  course  of  n(y  reviev  of  this  area^  the  paper  by  John  Hsrling# 
''Simulation  Techniques  in  operations  Research  >•  A  Reviev>''  (7}>  appeared  to 
cospletely  satisfy  ay  objective.  Mb  opening  retneurks  drav  attention  to  the 
fact  that  "similation"  is  a  somewhat  lU^efined  subject  and  i^t  considerable 
co^usion  exists  in  the  terminology  eaployed^  and  he  goes  on  to  say: 
tern  'Monte  carlo*  is  presently  someidiat  fashlonsble;  the  tens  'slnalatioo' 
is  to  be  preferTed>  because  it  does  net  suggest  that  the  technifue  is  limited 
to  vhat  is  fsailiar  to  statistieiano  as  a  saspling  experlBeat^"  (7^  p.  307) 

BO  ifuates  "siBulation"  with  "Monte  carlo  methods"  and  thereby  iaplies  a  aueh 
moro  restrietive  usage  of  simulation  than  is  intended  in  the  present  survey. 

The  term  "simulation"  has  recently  become  ve^  popular^  and  pr^>abiy 
somevhat  overworked.  There  are  many  and  sundry  definitions  of  simulation#  and 
a  review  and  study  of  some  of  these  should  help  in  gaining  a  better  perspective 
of  the  broad  spectrum  of  simulation.  Webster  only  provides  the  fundsmentei 
notion  that  simalatlen  IS  an  act  of  "assuming  the  appearance  of^  without  the 
reality."  Themaa  and  Peemer  (2t)  suggest  the  following  paraphrase  of  Webster: 
"to  simulate  is  to  attain  the  essence  of^  vlthout  the  really."  Hota  that 
the  substitution  of  "essence"  for  "appearance"  makes  the  vital  difference 
between  the  scientific  and  the  casual  use  of  simulation.  It  not  only  is  not 
neoessaxy  that  the  aiaulator  not  "appear"  aa  its  real«life  counterparty  but 
frequently  attempts  to  imitate  reality  closely  may  be  detrimentfd  to  the 
purposes  of  the  sdJnulatien.  For  exazpley  to  ca^edite  the  training  of  pilots 
a  relatlyely  accurate  duplication  of  cockpit  is  necessary  for  the  traiaery 
but  to  duplleate  the  bulky  whole  of  the  airplene  would  defeat  the  purpose  of 
the  slmalator.  Thomas  BaA  Peemer  advise  that  "ve  should  deplore  the  tendency 
to  Introdues  trappings  and  ornaaents  la  sliailatlon  to  gain  the  'appeaxmaes' 
of  reality  when  it  it  the  'essence'  which  wi  need."  (2ly  p.  $) 


In  a  technical  dietionaxy  (9)  the  texia  "simulator"  is  defined  as 

foUovi: 

A  physical  system  tdilch  is  aoalogous  to  a  model  under 
study  (as>  for  instance,  an  elec  trie  network  m  which  the 
elements  are  in  correspondence  with  those  of  an  ecOnoode 
model  The  variahles  of  Interest  m  the  model  ai^ei^  as 
physical  variables  (such  as  voltages  and  currents)  and  may 
he  stikiled  hy  an  exanination  of  the  physical  ^m^sbles  in 
the  simulator^  (9>  p*  ^7) 

This  definition  covers  vhat  is  noxmally  considered  simulation  when 
accomplished  hy  analog  or  digital  conputers.  Nonetheless>  it  is  not  the 
universally  accepted  definition>  alternatives  heing  proposed  hy  praetlcally 
each  separate  field  of  application* 

Thus,  in  the  area  of  operations  Research,  Rarllng  states:  "By  SDU- 
lation  is  meant  the  technifue  of  setting  a  stochastic  model  of  a  real 
situation  and  then  perfortnlng  sanpling  experiments  upon  the  model.  The  feature 
Which  distinguishes  similation  from  a  mere  siunpllng  experiment  in  the  classical 
Sense  is  that  of  the  stochastic  model*"  (7f  P>  307)  As  noted  shove,  this 
definition  of  slimid,ation  is  efuivalent  to  the  Monte  Carlo  teehzd^fue;  and  is, 
in  fact,  alapst  identical  with  the  definition  of  Xht  latter  provided  hy 
A.  8.  Householder: 

The  Monte  Carlo  method  may  hriefly  he  descrihed  as  the 
device  of  atidying  an  artificial  atocbaatic  model  of  a 
phyalcal  or  ma^iematical  proceas  .  .  .  The  noveL-^  (of  the 
Monte  Carlo  method)  lies  rather  in  the  auggeatlon  that 
^ere  an  efuation  arising  in  a  nonprohahilistlc  cpnteaA 
demands  a  nunerlcal  solution  not  easily  phtalnable  hy  staadfi 
ard  nupierlcal  methods,  there  may  exist  a  atpchastic  process 
with  distributions  or  parameters  which  satisfy  the  equation. 


ax4  It  itetiially  be  nore  effleielt  to  eonitxuct  sucb  « 
pzoeese  aM  eospute  the  statlstles  thaa  to  attempt  to  viae 
those  standard  nethods  (6>  p.  ▼}. 

a 

the  Hoate  Carlo  Method  T^reseats  a  veiy  povexful  and  useful 
tecNlfoe  In  Blaulation«  it  does  not  eneoa^asa  all  the  legitimate  scientlfie 
aipects  of  simulation. 

In  theis^  hook.  System  Engineering,  doode  and  Maehol  give  a  half  deten 
Or  more  esui^^es  of  simulation  in  vhieh  the  Monte  Carlo  Method  is  used  la 
queueing  problems.  They  do  not>  hovever,  take  the  foregelog  definition^  In* 
stead,  they  define  simulation  to  he  "the  study  of  a  system  hy  the  out*and*tr7 
examination  of  its  aathematiGal  representation  hy  means  of  a  large*seale 
eemputer."  (6,  p.  U03)  while  there  might  he  some  ohjeetion  to  the  qualifier 
that  a  "liurge*Beale  cosputer"  he  the  means  of  the  studtyi  eOdUS  opsntindl 
eesrtalj^  must  he  granted.  This  is  an  operational  definition,  and  aa  aueh  it 
proposes  more  or  less  exact  procedures  to  he  folloved  in  executing  a  program 
of  simulation,  specifically,  coode  and  Maehol  (6,  pp.  koMfOt)  propoie  a 
series  of  steps  includiag  the  choice  of  eoi^uter  (snalog  or  digital,  in 
partieular);  construction  of  the  eoiputational  flov  diagram  (it  heing  aaaumad 
that  the  mathematical  model  of  the  system  has  heen  foxmiCLated);  determination 
of  preliminary  (analytical)  solutions;  choice  of  cases  to  he  treated,  vlth  a 
nev  tovazd  reducing  the  nvmlber  of  runs;  data  reduction  and  analysis  (sees  to 
hs  done  run  hy  risx);  and  eensideratlon  of  the  simulatlen  of  hunia  hetags  (hy 
foms  sispla  analytieal  function  or  hy  actual  inelusion  in  ths  slBStlatloa)* 

Mother  '^pa  of  vorklng  definition  is  proposad  in  the  field  of  NiuMts* 
esnt  Seienca.  Hera#  simulation  If  conceived  as  "ths  seienes  of  soplogrlni 
eosputatlonal  mpdsls  as  dsreriptlpn  for  ths  puzpeses  of  (1)  Isamlng,  (2) 
sxpsrlmentlog,  (3)  prsdleting  in  asnagsmant  pxohlsns"  (23)  •  A  tleilar  dsflnitloB 
vhieh  mors  spselfieslly  <UlliBits  ths  srsa  of  eonsldsration,  is  ths  follewlxig: 


The  systei^tle  aibstfrctloQ  aM  ^axlilal  diipliaatida 
of  a  phehontenon  for  the  purposes  of  effeetihg  (l)  the  tzaaS« 
fer  of  training  from  a  s^^^etie  environment  to  a  real 
environment;  (2)  the  analysis  of  a  specif ie  phenomenon;  or 
(3)  the  design  of  a  specif ie  System  in  terms  of  certain 
epx^tions,  hehavior,  and  mechanisms^  (1>  pi  6) 

The  hehavioral  scientist >  accustomed  to  laboratory  experimentations  puts  it 
even  more  direGtly:  "By  simulations  ve  mean  a  technique  of  substituting  a 
Synthetic  (mvirosment  for  a  real  one  so  that  it  is  possihle  to  work  under 
laboratory  conditions  of  control"  (10). 

The  foregoing  definitions  range  in  eiphasls  from  a  sajigdlng  plan 
(vhieh  distorts  distributions  in  order  to  obtain  relatively  efficient  estimates 
of  the  parameters)  and  the  mere  use  of  a  large-scale  cosputers  to  a  slaple 
delineation  of  the  area  of  iaquixy.  What  they  have  In  eomaon  is  an  attempt  to 
substitute  other  elements  for  some  or  all  of  the  real  elements  of  a  system. 
Perhaps  the  simplest  and  most  direct  definition  of  simulation  it  merely  the 
act  of  representlcg  some  aspects^ of  the  real  vorld  by  nimabers  or  other  symboli 
that  can  be  easi’iy  order  to  facilitate  its  study*  In  thif 

senie^  •ioulation  is  one  of  the  oldest  analytical  tools. 

Ca.a8slficatiqni 


Epvever  simulation  is  defined,  there  remains  the  problem  of  selecting 
the  appropriate  elements  of  a  system  to  be  simulated.  Which  aspects  are  rep* 
resented,  and  hov  they  are  r^resented,  constitute  the  distinguishing  cbarae* 
teristles  of  the  different  types  of  simulation.  Hcpefully,  these  considerations 
should  slso  provide  for  the  meaningful  classification  of  simulatien  types* 

After  an  eadiaustive  search  of  the  literature,  and  seversl  months' 
cpgltation,  the  vrlter  vas  reluctantly  forced  to  conclude  that  there  is  no 


eoBj^etely  Megviate  taxonoior  ef  ilmilatloa  '^es*  Perhaps  sone  day  a  reasdnafaie 
hails  vl^  evtalye  for  elaasifyiog  simulation  t^ei  mto  major  and  i\jbordlnate 
eategoi|i^ei>  aad  the  praetltloner  vlll  he  aiilited  therehy;  hut  at  the  preseat 
tlaey  ve£y  little  ein  he  done  In  that  direction. 

i^out  the  heat  that  has  heen  pfoposed  (see  for  exaiiplei  I.  j.  Good 
($)  )  la  a  single  eontinuiiD  on  \^eh  the  aodel  Is  classified  aceordlag  to  its 
degree  of  ahstraetlon  from  the  real-life  system,  operation,  or  proeedure. 

Thus,  the  focus  is  on  the  sinaxiation  model  and  its  relationship  to  its  real- 
life  eountexpart*  This  eonoi^tual  hasls  for  orderiBg  ilnulatlon  types 
followi: 

(1)  At  one  eactreas  of  this  contlnuim  the  real  system  itself  can  he 
used  as  the  ''model"  to  gala  knowledge  shout  itself,  iovever  direct  luii 
■i^le  It  might  seisid,  It  is  usually  neither  practleal  nor  feasihla  to 
determine  the  inherent  properties  of  a  system  hy  ohservlag  its  operatione. 
Limited  time  and  resouyrces  often  force  the  uie  of  shorter,  less  empenaii^ 
aethodi  thsn  the  "Identity  simiilatioa*" 

(2)  Only  one  step  removed  from  the  real-life  instance  Is  the  attest 
to  replicate  it  vith  the  highest  degree  of  fidelity,  hy  means  ef  an  oper¬ 
ation^  model  of  the  system  in  its  normal  enylroxuaent.  A  SAC  iission 
flovn  to  test  the  air  defenses  Of  the  Ohited  States  is  an  saceiiple  of  an 
essential  replication  of  a  var  situation.  Enery  hoshers  are  replaced  hy 
SAC  ho;i)ers;  filiC  fires  no  veapons*  Such  "replication  aiBulation"  really 
involves  very  little  shstraction  from  reality,  and  idso  provides  very 
little  gain;  accept  to  ^e  possible  the  limited  study  of  etLeeted 
dangerous  or  future  aituatienf .  A  sUbcategory  of  this  classification 
might  Involve  essential  reillcation  of  operational  gear  vhlle  esplog^ns 
ahitraeted  Inpute*  A  case  in  point  is  the  Air  Befense  Cpnaud's  Symteii 
nraiaiag  Pregrea  (dlaettsted  htiov). 


(3)  along  the  eoatinuua>  the  f'eplieation  might  he  attet^t-ed 
in  the  lahoratozy  instead  of  in  the  fields  Hez^e  it  is  necessazy  to  ohooSe 
the  relevant  features  of  the  real  system  for  r^resentation  in  the  iSbor* 
ato3y>  and  also  to  deizide  on  the  means  of  such  representation.  A  system 
may  he  made  of  such  diverse  elements  as  people^  hardvare,  operating 
procedures^  mathematiced.  functions,  and  prohahility  distrihutiOnSi  A 
lahoratory  model  might  consist  of  the  actual  replication  of  some  elements 
and  the  ahstraction  and  suhstitution  hy  symbolic  representation  of  others. 
It  should  he  noted  that  every  kind  of  substitution  is  possihle;  people 
are  often  sisulated  hy  hardvare>  hut  the  reverse  is  also  done.  A  vide 
range  of  simulation  types  is  encon^ssed  hy  "laboratozy  simulation,"  and 
perhaps  is  hast  ^esplified  hy  c^erational  gaming. 

(4)  More  clear>cut  ahstrSiCtion  from  reality  is  involved  in  the 
eoi^lete  "co^uter  simulation"  of  a  real  system.  In  some  circles  this  is 
the  only  admissahle  type  of  simulation.  There  is  no  room  for  h\nmm  helnga 
or  real  hardvare  cos^nents  in  this  model  of  the  system.  AI4>  aspecti  of 
the  system  must  he  reduced  to  logical  decision  rules  and  operations  vhleh 
can  he  prograBnied.  If  the  model  of  the  system  consists  only  of  math* 
ematlcsl  functions,  the  simulation  is  said  to  he  deter"'*  stle .  If  ii 
also  Includes  prohahility  distrihutions  then  It  is  stoefaaatie.  TMa  ^fpa 
of  simtlatlon  is  quite  common  in  operations  resetf eh,  with  a  popular 
axasgle  heing  a  "computer  simulation"  of  a  (hypothetical)  husineas  flziu 

(^)  The  highest  degree  of  abstraction  leads  to  the  complete 
"analytical  simulation,"  wherein  the  real  system  is  represented  completely 
hy  means  of  a  mathematical  model  and  a  solution  (at  least  theoretically) 
can. he  obtained  hy  analytical  means.  Essentially,  the  prohlem  here  is 
that  of  solYlng  a  set  of  equations.  Even  if  a  dosed  form  is  net  avail¬ 
able#  approximate  methods  ( jneluding  Monte  Carlo)  can  he  employed  tQ  get 
a  solution.  The  least  and  the  highest  degrees  of  abstraction  «  "idastity 
•iisalatipn"  s^  eooplete  "analytical  simdation"  -  say  not  he  of  much 
esqperlmental  value,  hut  they  do  provide  uiefd  conceptual  hounds  for 
the  sinulation  eontlnuua* 


sm,  1961 


8 


SP-260 


Need  for  further  claisglficMi6a«  --  While  the  fdx^olhg  eonsideretiohs 
pxvvide  a  fuodamehtal  (phildeophleal)  eoatihuxm  da  vhldh  eimdatida  t^ee  might 
he  d^ered,  it  is  ndt  suffleieatly  discxdmlnatiag  ^  The  hulh  df  the  signilatidn 
•tudiei  repdi^ed  ia  the  literature  veuld  fall  iatd  dae  dr  tvd  categdries  daly. 
Further^  more  detailed  distlactldas  eduld  lead  to  geaeralized  prlaeiplee  aod 
thus  to  the  fun  develdpfieat  df  a  diseipllae  of  simulatida.  The  addltloaal 
dimeasidai  of  siiulatloa  eaaadt  he  adeq^tely  determiaed  at  the  preseat  rudia 
meatary  stage  of  developmeat  of  this  field « 

Diehetomd^^elassnieatiohs^  •»  What  is  frequeatly  doae  as  aa  alters 
aatlve  is  to  hreak  the  total  field  of  sismlatloa  lato  two  elassesi  conmonly 
eaeouatered  ecasiples  of  such  diehdtoay>  or  polarity^  is  detendalstic  - 
stdehastie;  deductive  «  laductlve;  aaalytlcal  -  physical;  eo^uterized  • 
maaual;  or  oae  of  the  maay  variaats  of  these^  Aa  isportaat  cdasideratloa 
is  the  ahseoee  dr  preseace  of  at  least  oae  humaa  heiag  ia  the  slBulated  models 
lAiile  this  seems  to  offer  a  real  distiagulshlag  characteristlCj  It  does  aot 
help  aearly  as  much  as  aatlelpated.  There  eaa  still  he  stochastic  models  idileh 
are  simulated  entirely  la  a  cdiputer/  or  hy  means  of  a  computer  sad  people* 

For  this  reason,  the  vrlter  discarded  aa  earlier  plaa  in  vhieh  the  prlmaty 
dichptdBy  was  Into  "automatoa'^slinulatioa"  and  "hloeslmulstloa."  Plfferences 
ia  simulatleDS  that  are  fully  eoB^uterlzed  aad  those  that  lavolve  humaa  heiags 
msy  he  useful,  hut  should  prohahly  he  subordinated  to  more  fundamental  elassi* 
fieatlon  concepts* 

Even  this  crude  classification  scheme  may  provide  a  useful  guide  in 
plsanlag  a  simulation  experiment*  As  a  general  rule,  increasing  experiments^ 
control  can  he  attained  hy  moving  ia  the  direction  of  a  complete  mathematical 
modal,  hut  taforttmtely  this  usually  la  associated  vlth  decreasing  realism* 

The  more  that  is  koovn  shout  the  properties  of  an  alsment  Of  a  system,  the 
hetter  can  it  he  fimulated*  ^erfeetiy  understood  system  elements  prebgbly 
should  hi  used  "as  is"  in  the  model  rather  than  sg^raacimsted  in  a  prohahillstlc 
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naanef  or  by  deelslon  rules.  Mequate  slnulatioB  of  a  system  ia  the  IsliOrato^ 
requires  a  detailed  systems  ahalysis  with  partleular  attention  paid  to  t^e 
funetional  stroeture  of  the  various  tasks  and  the  (derations  to  be  performed 
by  the  human  beings  in  '^e  system,  since  ’^e  human  actions  are  certainly  of 
a  stochastic  nature^  realistic  simulation  of  a  man^stachine  system  can  best  be 
aceOiq^shed  by  ha>4ng  the  human  elements  ^  the  model. 

Glassificatioa  by  ob.ieetive.  ■-  An  altesaative  breakdown  of  simulation 
activities  can  be  made  according  to  the  puzpose  or  objective  of  the  simulation. 
The  principal  categories  usually  esqdoyed  are  evaluation,  trainingj  and 
det^nstration.  With  the  emergence  of  very  large  military  eemmand  and  control 
syatems^  the  old  tnal>aad-efTor  method  had  to  give  way  to  simulation  as  the 
primary  technique  for  the  design  and  development  of  such  systems^  as  well  ' 
for  the  evaluation  of  alternative  aolutiona  to  ^stem  problema.  Againf  In 
the  implementation  operation  of  such  systems^  simulation  has  beei  founid  to 
be  a  very  effective  device  for  training.  Rot  only  have  ainulatora  been 
employed  for  individual  flight  instruction  in  place  of  eaq^ensive  and  dangerous 
procedurea^  but  aimilar  efficiencies  have  been  realized  m  training  groipi  in 
total  system  operations  through  simulation.  This  is  one  of  the  chl^  objectlyea 
of  management  games  as  well  as  the  specific  training  programs  of  wlllta'iy 
systems*  In  the  demonstration  role#  fimulation  serves  as  a  meiM  of 
Indoctrination  *»^to  exhibit  the  feasiblli'^  of  a  con|lex  systesi. 

Simulation  as  a  Research  Tool 


While  tiiia  very  brief  account  of  the  uses  of  simulation  for  eviltts 
a^on^  demonstration^  and  training  Immediately  points  up  its  vilue«  soae  more 
definite  Indication  of  the  advaateges  of  almulatlon  aa  a  research  tool  in  the 
•tuly  of  eosplex  iyatem  eaems  to  ba  in  erd^.  First  of  all«  the  real  qriteai 
in  the  field  is  not  aa  aneaible  to  control  as  a  slniiLatlon  of  it*  At  the 
there  Is  no  interruption  Pf  the  on«going  aetlvitief  in  order  to 
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edoduet  the  Also^  productive  researoh  refuiree  the  of 

foaiitlthtive  nehsureneatSf  vhieh  agaih  eeh  hetter  he  accoSqpllBhed  in  a  iilu.« 
latioa  study  than  hy  ohservatioh  of  the  actual  lysteii* 

These  prioaxy  advantages  axo  really  the  advantages  of  the  lahoratoxy 
ever  ilxe  fields  regardless  of  vhether  it  is  a  chemistxy  lahoratoxy  or  a  digital* 
eo^uter  lahoratory.  Sinulatioh  as  a  research  techaifae  has  acre  ^ecifie 
advantages: 

(1)  It  can  cogpress  or  e3ff)and  real  tlae.  A  husiness  operation  of 
a  year  can  he  simulated  in  minutes  in  order  to  study  long  term  trends  or 
to  study  the  operatio&s  under  vaxying  alternatives#  On  the  other  hindy 
the  process  can  he  sloved  dovn  to  pernLt  the  more  detailed  atudy  of 
critical  situatione. 

(2)  It  provides  the  shill'^  to  eacperlment.  testj  and  eyaluate  new 
cyatema  or  proposed  changes  to  existing  systems  in  adysnce  of  having  to 
asdce  firm  commltDehts,  Aside  from  great  econoiq/  of  tlme^  simulation  of 
thia  i^e  makes  it  possihle  to  consider  typothetical  systems  ^diich  msy 
he  daigerOuB  or  ii^sslhle  to  try  any  othar  vay.  M  interesting  exen|ile 
involves  the  procedure  the  Coznell  Aerpaautlcal  Lahoratory  eqployad  ^ 
detlgalog  and  eonatructing  'tiie  Kark  I  perceptroa  for  '^e  autOamtie 
identification  of  aiigple  patterns.  They  first  dempnatrated  by  ijbwlatiem 
on  a  eoaputer  (IBM  7^)  that  such  an  e:)qperimental  machine  eoi^  he  built. 

(3)  It  Bakes  for  more  ecenoiidcal  jK^rlggata»ion<  both  in  time  end 
Bpney.  A  cooplete  "computer  simulation"  of  a  system  usually  can  he  ruBi  in 
vexy  short  time  once  the  program  has  been  dev^eped*  HOvaver*  the  cost 

of  creating  a  large-scale  coiputer  simulation  program  can  he  prohibitive. 
Usually  it  ii  Justified  because  of  continued  eoterimentatipn  vith  the 
mpdeli  hut  on  occasion  the  payoff  may  he  so  great  aa  to  Justify  fvii  m 
iisglf  trial. 

(k)  It  perodti  the  replication  of  experiaanta  under  dllYerent 
eonditiona.  An  isportant  exacple  la  the  replication  of  eccopmlc  tlBO- 
■erlcf  i  vUeh  Just  could  not  hi  accocplished  without  slailatleB. 


Revlev  6f  Slaulatl6n_AcMYitiO 


M. Alte^ture ^  *«  The  acet^tance  of  simulation  has  heea 
videspx'ead  as  indleated  by  the  ^ver  growing  ausiber  of  sifflulation  studies* 

Prior  to  1951  there  was  nothing  in  the  scientlfiG  literature  on  this  subject. 
The  most  recently  published  bibliography  (18)  contains  3**^  entries  (including 
6  other  bibliographies)  and  except  for  one  reference  ("A  signified  wiuf 
G:aBie>”  1897^  bhe  earliest  article  is  dated  1951*  two  other  bibliographies 
merit  special  mention*  Malcolm  (14)  presents  what  he  terms  "a  fair  sashing 
of  simulation  literature  to  date."  coaceaed  primarily  with  the  application 
of  simulation  to  management  problems^  he  stMivldes  the  I65  titles  into 
Industrial  and  military  applications  and  s^arates  simulation  games  from  the 
rest.  The  other  (19)/  while  not  specifically  addressed  to  simulation/  presents 
477  references  to  the  closely  allied  subject  of  systems  research,  one  of  the 
interesting  aspects  of  the  latter  bibliography  is  that  it  also  contains  a 
topical  outline  of  the  field  and  each  reference  is  assigned  to  one  or  more  of 
the  classification  categories.  The  extent  of  the  literature  on  simulati^  has 
grown  to  such  imaense  proportions/  in  so  short  a  time/  that  the  truly 
scholtfly  exploration  of  this  field  looms  as  a  formidable  effort  for  all  but 
the  moat  eerious  student. 

No  attespt  is  made  here  to  review  the  content  of  different  slmu> 
lation  studies.  The  objective  is  only  to  indicate  the  scope  of  such  atudles. 
One  such  cplleetlon  of  17  studies  appears  in  the  report  of  "System  Sinadatloa 
Bynpeslum'*  (22).  These  include  typical  Inventory'.control/  scheduling/  cargo 
handling/  and  vaitlng«>llne  problems  on  the  Industrial  side;  related  preblema 
on  logistics  systems  peculiar  to  the  mllltcuy/  as  veil  as  milltaxy  "laboratozy 
simulation/'*  Incezperating  systems  of  men  wd  efulpment;  and  even  sobs 
methpdologieal  censideratlens  directed  at  Increasing  the  speed  of  sindatlon 
and  statlstlcil  problems  associated  with  Monte  Carlo  sazqpling. 


As  fega£ds  the  technieal  aspects  of  slnulatloa^  the  results  of  eUirent 
research  activities  a^ear,  principally^  ^  the  Operations  Research  Journal^ 
specialised  statistical  jouznala^  and  pthlications  of  various  research  institutes 
and  syi^sia.  of  q^cial  interest  is  the  report  of  the  first  SyD|)oSiun  on 
the  Monte  carlo  Method  (6)  and  two  st^seqpient  ayapoaia  (20>  21)  on  the  saae 
avB>jaet« 


Oparatiop*!  pwmity.  fhe  siiulation  studies  that  have  attncaeted 
the  nost  attention  in  recent  years  oay  he  desczlhed  hy  the  generie  ten 
"games"  -  jjitended  to  cover  such  activities  as  war  gaoing,  husiness  nmnagement 
gamesi  and  operational  gaoing  in  general*  in  their  excellent  article^  Thonaa 
and  Deeaer  (2h)  first  diitinguish  the  basic  concepts  of  similation^  Monte  Oarlo.^ 
and  operational  gaming;  present  a  brief  review  of  some  of  the  theozy  of  gamea 
of  atratecfi  than  coqpare  the  ^proaehes  of  gaming  and  non-gaiing  techniioiiaa 
to  competitive  aituationa.  fhe  role  of  cperational  gaming  ia  beat  eagnMaed 
la  their  wordi: 

Although  BiTmilation  and  Monte  cerlo  memoda 
are  often  used  in  gasdng  ve  feel  that  the  eaaenee 
of  operational  gaming  lies  rather  In  its  enphaale 
on  the  plaslng  of  a  game.  There  is  plaarlng  to 
formilata  a  game/  pleylng  to  solve  a  gama/  and 
playing  to  iegart  present  lotovledge  of  a  game. 

Thus  ve  define  operetior^  gaming  as  the  ae^Loui 
use  of  plja^lng  as  a  prlmazy  deylee  to  formulate 
a  gamej  to  aolve  a  geaaj  or  to  ^Epirt  aomethlng  of 
the  soliition  of  a  ggae.  (2h/  p.6) 

la  pznetloal  applleationi/  the  teehnifM  of  gaaLag  if  aimid 
prlneipalLy  at  providing  praetdee  la  working  through  altarnative  aequineei  in 
eonaidexai^  AetalL*  Vlthia  the  framework  of  a  particular  game  eartain  input 
parmmetere  can  bo  altorod  to  provido  iBBumerihle  Tariatieni.  When  human  taami 


pa2Htielpa%e  In  such  gaises^  they  not  oniy  gain  practice  in  conprehendlng  the 
consequences  of  particular  moves  and  sequences  of  eventSi  but  also  gain  some 
insight  into  the  perspective  of  the  partieipantt. 

The  development  and  present  usage  of  management  games  is  revieved 
by  Joel  Kibbee  (ll)*  He  stresses  i^e  is^ortance  of  coimputers  m  this  area> 
and  discusses  the  huilding  of  models  and  programing  of  management  games,  it 
should  be  remembered  that  nonacomputer  or  manual  business  games  (e.g.^  as 
developed  by  Stanley  Vance  at  the  Universi't^  of  Oregon^  and  by  John 
Kennedy  at  Princeton  University)  have  considerable  mexlt  as  tools  for  mBnage« 
ment  training  and  development  as  veil* 

MftWA^ement  control.  ««  perhaps  one  of  the  most  powerful  tools  for 
management  control  of  large-scale  programs  is  the  activity  imown  as  P^r 
(Program  Evaluation  Heviev  Technique).  This  system  of  charting  the  key  milestones 
into  a  network  for  the  acconqjlishment  of  an  objective,  dependent  on  many  and 
diverse  factors,  was  first  developed  in  conjunction  with  the  Polaris  prpgraB 
(13)..  As  a  result  of  such  management  control,  the  Polaris  program  beeame 
Operational  two  years  earlier  than  originally  anticipated.  A  similar  technl^ie 
developed  for  the  Air  Force  by  Douglas  Aircraft  Company  in  conjunction  with 
the  Sl^olt  program  is  P^  (Program  Evaluation  Procedure).  Independently^ 

Wright  Air  Development  Division  prograimaed  a  Unlvac  I103A  for  P^  analysei. 

The  PERT^IP  program  evaluation  techniques  new  are  being  ektended  to  alsnst 
all  Azity,  Navy,  and  Air  Force  veapons  systems  (12).  Aacng  other  eoaputor* 
based  methods  for  monitoring  schedules  is  SCANS  (Sefaeduliag  fyod  Control  by 
Automated  Retwork  Systems),  developed  at  System  Development  Corporation*  The 
aspect  of  these  tecbnlques  which  is  especially  germane  to  the  theme  of  this 
paper  If  the  optimisation  of  networks  through  simulation*  By  devising  a 
"eonputer  •Isad.atlon"  of  the  scheduling  teehalque/  alternative  neaegeoBnt 
decisions  can  be  tried,  and  from  the  output  an  optimal  eolutios  can  be 
deternlned.  Closely  related  to  these  types  of  programs  Is  the  Decision  Oettbag 
vork  reported  by  Dr*  Vasonyi  (95) • 
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S^QClal  Behaiylog .  «  »  fuming  to  another  area,  Ellis  Scott  (17)^ 
eaUs  attention  to  dotens  of  studies  On  simulation  of  social  processes  heing 
carried  out  in  uoiversities  and  research  lahoratories  from  coast  to  coast. 

His  Survey  is  concerned  ^th  research  in  the  behavioral  sciences  vhich  use 
co^uters  in  the  simulation  of  social  behavior.  The  studies  range  tt&n 
ea^riments  in  interactions  and  GonforMty  of  smaH  groups^  to  intexgroiip 
relations  in  the  community,  to  the  behavior  of  an  entire  society  and  iater> 
national  relatioos* 

y^ehioular  traffic.  -  «  stHl  another  area  vhich  is  receiving  more 
and  more  attention  is  that  of  vehicular  traffic  eontrol.  Wiile  the  earliest 
vorks>  by  H.  1.  Goode>  G.  F.  Hevell,  and  osiers,  only  date  back  about  six 
years>  the  activiiy  has  been  gaining  considerable  momentum  since  then. 

Besearch  is  going  on  in  all  parts  of  the  country.  The  extent  of  the  nationid 
interest  is  evidenced  by  the  confermce  on  transportation  research  convened 
by  the  National  Aeademy  of  Sciences  in  late  i960.  About  150  participants  from 
government,  industry,  universities,  and  research  Institutlona  met  to  reviev 
and  formulate  a  program  of  research  on  transportation  in  the  United  Statee. 

A  later  conference  (16)  vas  devoted  exclusively  to  the  utlliaation  of 
■Ifflulatioa  as  a  research  tool  in  the  areas  of  highway  and  vehiele  Ixprove^ 

BMnt,  traffic  eontrol  and  enforcement,  and  driver  and  safety  edacatlca. 

An  exas^e  of  a  physical  model  for  studying  driver  perfornanee, 
car  eonstruetlon,  and  road  design  is  the  "drlviQg  simulator"  at  the  UCXA 
3^tltute  of  Treaspertatlon  and  Triple  ihglneering.  The  cab  of  this  sinu- 
lator  eoniists  of  a  standard  station  vagon  on  a  treadmill  of  ste^  rolleri, 
vhlob  faces  a  IQ-ft  high  semieireular  sereea  and  vith  a  smll  seraen  on  ttaa 
ear's  raar  vlsdev.  Kpvia  prolaetora  threv  traffic  scenes  on  both  sereaas  led 
a  battery  of  instrumenti  record  changes  la  iteerlngvhe<4  aovement,  aeeeleratloa, 
braking,  and  In  the  drivar's  braathlag  rata  and  la  amotlooid,  strass* 


Mthough  the  ultloate  goal  le  to  eohsidef  the  total  system^  ihcludlag 
the  driver  aM  the  traffic^  at  this  atage  of  develO£>Beht  of  methodology^  It 
seems  wise,  to  dlstlogulsh  "drlvlpg  slmulatloh"  from  "traffic  slmyLLatloai" 

Early  work  on  traffic  simulatloh  was  restricted  to  ome  or  two  lanes  of  very 
short  stretches  of  highway,  and  required  loordliate  amoimts  of  computer  tlme^ 
Konetheless^  such  work  pointed  to  the  feasihlllty  of  ngihiag  slmulatloh  studies 
of  traffic  flow.  A  such  more  extensive  model  of  expressway  traffic  flow  hsii 
heen  developed  at  the  invest  Research  iistltute>  and  is  reported  hy  Glleksteih 
and  Levy  (k)» 


Simulation  In  Man-y«»>’>^'<"e  Laboratory  Research 

The  foregoing  review  points  to  many  exciting  and  challenging 
activities  «  emerging  as  a  result  of  the  development  of  the  ^gltal  electronic 
computer^  the  use  of  slnulatlon>  and  the  Inereased  awareness  of  the  "systems 
approach."  Thua>  the  study  of  large,  co^l^  oan-machlne  syatems  baa  becoae 
pdsiible. 


just  as  tnal«and^error  experimentation  has  heen  a  respected  tech^ 
nlque  in  the  development  of  the  classical  sciences,  so  In  the  study  of  complex 
systems  the  new  techniques  of  simulation  may  he  enployad  to  (nplere  and  to 
define  the  prohlem  Itself.  The  direction  and  course  of  study  of  a  maa^inachlne 
system  should  he  permitted  (at  least  in  the  early  stages)  to  he  altered  and 
restructured  during  the  simulation  and  according  to  Insights  gained  from  the 
IlmulatlOB  itself*  This  use  of  simulation  as  a  new  kind  of  research  tool  is 
perhaps  the  outstanding  feattn?e  of  such  lahoratorlea  as  BAlip^s  Loglatles 
Bystems  Lahoratory  aod  SDC's  Systems  SlmuOntlon  Research  Laboratory,  discussed 
helov. 


HEWS*  «  ^  Entire  laboratories  have  been  buHt  to  exploit  slmniation 
for  teaching  puzposes  and  evaluation  of  systems*  Perhaps  the  flxet  eueh 
facility  to  he  conceived  (In  19^5)#  idxlch  was  not  funded  until  1990  and 
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tliesx  took  eight  yee^  to  huHd,  1b  the  slnulator  at  the  U.S.  Naval  War  College 
at  Rhode  lalaodi  This  facilli^  ead  the  exefeise  coodueted  In  it  li 

called  l^lWS  (Naval  Eleetxonle  Warfare  Simulator) «  At  the  heart  of  the  systeti 
li  a  vexy  large  ahalog  eon^uter  (imovn  as  the  Damage  COoputer)  vhleh  is 
desired  prlnarily  to  assess  damage  and  to  piovlde  feedbaek  to  the  several 
forces  playing^  to  indicate  their  remaining  effeetlveness.  The  skerelse  is 
primarily  a  training  device  -  used  in  var  gaming>  In  the  final  Btagei  of 
tactical  training  of  naimd.  officers  from  the  fleet. 

SBL.  -  -  Another  Ishoratozy  in  vhleh  simulation  enpiloyed  as  the 
principal  tool  vas  the  systems  Research  Lahoratozy  (srl)  of  The  Rj^  Corporation. 
From  19^1  to  1^4  this  laboratory  employed  almid^ation  to  generate  stimuli  for 
the  study  of  information  processing  centers.  ^>e  essential  features  of  a  radar 
site  vere  created  in  the  Isboratozy  snd  by  carefully  controlling  the  systhetle 
Inputs  to  the  system  and  recording  the  behai^or  of  the  gro^p  It  vas  poislhle 
to  stidy  the  effectlveneis  of  various  man-macbjyne  epmbinatlons  and  procedures. 

STP.  -•  The  research  in  SRL  eventually  gave  rise  to  the  Air  Defense 
command's  system  Training  Program  (STP)  -  probably  the  largeSt^scale  siott^ 
latlon  effort  ever  attempted.  STP  Is  nov  in  operation  throughout  the  United 
States^  as  veil  as  In  Alaska^  Csnada^  and  Europe.  Training  exerelies  are 
conducted  In  the  nozmal  vprklng  environment  at  the  radar  sltes^  dlreetlgn 
centers  In  the  SAiKE  System^  Division  Headguartersi  and  higher  centnands. 
Fundsmental  to  this  vast  program  is  the  creation  of  prphlem  matttliils  hy 
means  of  an  7090  and  ^eclal  off-line  and  SAM  equipment.  Through  these 
means  iyichronlsed  radar  pictures  for  large  ereas  of  the  country  are  jimalateA 
•long  vlth  other  Inputs  required  by  the  operating  system,  e.g.,  flight 
lafprmstl^,  Intelllgeaes  snd  veather  InformatlOB,  sad  connspds  from  higher 
hesdqjuarters.  Also,  various  lists  and  maps  art  pr^sred  for  ths  tralnsrs  to 
as  slit  thfi  In  Obaer^dag  sad  racordlag  erev  aetloaa  In  order  to  furalih 
faedbae]|  on  a^tem  pirfornaaea  to  tha  erev  iBnadlately  aftar  aaeh  exareiae. 
Through  alaulatloa  of  tide  typo  It  la  poislbla  to  provide  exerelte  of  air 
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defense  pTOeedures  and  i^ulatlons,  appiicalble  either  lo  peace  or  in  var 
situations^  at  a  fraction  of  vhat  it  vould  cost  vith  "replication  simulation^" 

IJ.1»  In  1956;  the  Logisties  systems  Lahorato^  (l£L)  was  est^- 
Id  shed  at  RAKD  under  Air  Force  sponsorship,  ^e  first  study  in  this  lahoratoj^ 
involved  the  sifflulation  of  two  large  logisties  systems  for  purposes  of  cooparing 
their  effectivehess  under  different  governing  policies  and  resources,  the 
system  consisted  of  men  and  machina  resources  together  with  policy  rules  on 
the  use  of  such  resources  in  simulated  stress  situations  such  as  war.  Ttiib 
simulated  environment  required  a  certain  amount  of  aircrs^t  in  flying 
alert  states  while  the  systems'  capability  to  meet  these  objectives  were 
limited  by  malfunGtioning  parts,  procurement  and  transportation  delay8>  etc. 

The  human  participants  represented  management  personnel  vhile  higher  echelon 
policies;  in  the  utHitatlon  of  resoiu^es  vere  simulated  in  the  coaputer.  The 
ultimate  criteria  of  the  effectiveness  of  the  systems  were  the  nusper  of  air«> 
craft  in  commission  and  dollar  costs.  muHe  the  puzpose  of  the  first  study  in 
I£l.  tAS  to  test  the  feasibility  of  introduaing  new  procedures  into  an  existing 
Air  Force  logistics  system  and  to  cospare  the  modified  system  with  the  original 
one,  the  second  laboratory  problem  has  quite  a  different  obJectlTe.  Its 
purpose  is  to  isprove  the  des^^  of  the  operational  control  system  through  the 
use  Of  simulation.  A  cosplete  deseriptlon  of  this  study  is  presented  hy 
Gelslfr  end  Steger  (3). 

ASDEC.  ^  «  A  some^diat  different  t^e  of  facility  in  which  simulatlra 
is  esployed  to  test  and  evaluate  electrraaic  systeii  is  the  Applied  Systeas 
Development  Evaluation  Center  (ASDEC)  of  the  Naval  Electronics  Laboratoxy  at 
Ssn  Dlegoi  Recently  the  Na’^  Tactical  Data  System  was  being  evaluated.  Aae 
operational  system  was  simulated  by  means  of  actual  hardware  coiponmnts  such 
at  the  Univae  m460  conputer  and  eardboard  meetups  of  display  ud  control 
equipment.  The  facility  includes  an  snslog«tp<4igitsl  eosputer  idilch  gsnerates 
synthetic  radar  data  ussd  in  the  testing  of  opexatiMMil  systeas. 


.  @S  Studyi  -  •  Perhaps  the  largest  Single  step  leading  to  the 
ei^oltatlon  of  slmulatioh  for  research  purposes  vas  the  Feasi'blXlty  Study 
(2)  coBducted  hy  the  Natiohal  Bureau  of  Standards.  l%e  broad  objectives  of 
this  study  are  best  indicated  in  its  opening  paragri^h: 

This  report  presents  the  results  of  a  study 
Of  the  feasibility,  design>  and  cost  of  a  large* 
scale  tool  to  be  used  in  a  research  prograa  on 
i^-mchine  systems  ^  ^ils  tool  faciliitates  tbe 
simulation  of  co&plex  veapons  systems  for  purposes 
of  laboratory  eagperimentatlon  vith  htsan  subjects 
in  the  system  feedback  loops.  It  is  intended  to 
aid  In  the  optimization  of  system  perforDance 
tknpugh  Studies  of  man*marhlne  dynamics.  It  in* 
corporates  capabilities  vhlch  r^resent  a  sub* 

Stantlal  advance  over  those  of  existing  faeijLitles 
for  research  on  mBn*machine  systems. 

feasibility  was  demonstrated  through  the  actual  design,  inplementation  and 
operation  of  a  Scale  model  of  the  desired  facility.  The  vork  done  at  the 
National  Bureau  of  Standards  provided  the  fumdaisentai  guidelines  and  phlloBOphy 
for  the  more  ambitious  laboratory  faclll'^  built  by  the  System  Developoie&t 
Corporation  in  Santa  Monica. 

SSId..**  Reeo^lzlng  the  isportance  of  recent  vork  in  aimulation,  as 
veil  as  recognizing  '^le  need  for  continued  and  expanded  support  for  the  further 
development  of  this  area,  vlth  partieular  esphasis  on  its  use  in  the  study  of 
complex  aan-machlne  systems,  SPC  decided  to  create  a  generalspuxppse,  computer* 
based,  faculty  in  vhlch  such  research  cp^d  be  conducted*  Plans  for  the 
Syitems  Simulation  Besearch  Laboratory  (SSBL)  vere  Initiated  m  late  19$9f 
and  the  Laboratory  beccuae  operatlpniQ.  in  1961* 


The  physlccd.  facility  includes  ahout  20,000  square  feett  The  main 
experimental  operations  space  is  a  room  approximately  U5  x  50  feet  \d.th  20^ 
foot  clearance  from  floor  to  ceiliQg.  it  is  cotpletely  surrounded  hy  an 
elevated  observation  area.  This  large  room  may  be  divided  into  a^r^riate 
smaller  areas  by  means  of  movable  vaHs.  Adjacent  to  i^e  large^  high-ceiling 
space  are  smaller  standard  height  experimental  areas,  which  also  may  be 
adjusted  in  size  and  shape  to  accommodate  the  operations  and  observation 
requirements  of  specific  projeeta. 


A  basic  concept  in  planning  a  laboratory  of  this  Mnd  is  the  dia« 
tinction  between  universal^t^e  and  project-specifie  t^e  efuipment.  of  the 
former  type^  the  s^st  iiportant  is  the  general-purpose  digital  coaputer,  a 
Fhilco  2000  system.  Another  major  piece  of  etuipment  is  a  transdueer  that 
permits  human  beings  and  other  real-time  elements  of  a  system  to  coaoiunleate 
with  the  cotputer.  Such  a  real-time  switch  and  storage  unit  (BIi-lQl), 
designed  and  built  at  SDC,  is  completely  integrated  wi'^  the  compater.  Aa 
internal  telephone  system  (up  to  120  stations),  a  pv^lic  address  ayatem> 
recording  facilities  for  any  audio  line,  more  than  20  teletypewriters,  CRT 
situation  and  tabular  displays,  end  a  dosed-eircuit  television  system  roi;^ 
out  the  general-purpose  equipment  of  the  laboratory*  The  Specific  hardvaxe 
requirements  for  the  first  couple  of  projects  include  special  deskt  and 
student-input  devices,  and  eontroller  facades. 

Another  basic  concept  is  a  general-pvgrpose  prograxoning  syptea. 
Perhaps  some  day  there  will  truly  be  a  general-puxppae  simulation  prograa 
which  will  greatly  facilitate  the  execution  of  research  projects.  For  tba 
present,  however,  the  only  graerality  is  the  basic  utility  program  Syatn  for 
the  PhUcp  2000  operating  with  the  RL«lca  and  certain  staDdard  tUbrpatlnca. 

A  special  problem  oriented  language,  Isipwn  as  JOVIAL  and  patterned  after  AdgPl 
(the  International  Algebraic  Language)  is  used  at  SDC.  The  prlncipAL  effort 
involved  the  preparation  of  a  JOVIAL  Tranalator  for  the  PhUeo  2000.  ALao, 


aa  executive  eoatzol  program  hai  been  develdped  \diieh  takes  eognlzanee  of  the 
requirements  iatrodueed  by  the  and  of  the  uausuai  nature  of  the 

applicatioas  of  the  I’hileo  2000. 

The  aev  laboxatoxy  is  ejected  to  enhance  the  present  research 
efforts  of  SDC  and  to  open  entirely  aev  avenues  of  research  endeavor,  in  l^e 
former  categoxy  are  a  nusher  of  research  projects  that  have  necessaidly  been 
limited  in  scope,  but  vMch  can  now  be  broadened  because  of  the  new  facilities. 
One  such  area  is  that  of  automated  teeiching.  successful  research  in  this  area 
has  been  conducted  at  $1)0  for  several  year^,  but  the  constraint  of  a  single 
Student  to  the  teaching  machine  has  been  a  severe  limitation,  nils  made  the 
gathering  of  statistical  data  very  time  consisnifig .  Also,  any  potential  appll*^ 
cation  of  automated  teaching  techniques  in  the  academic  or  the  military  or 
industrial  organization  vould  certainly  require  more  efficient  means  than 
individual  tutoring.  Th\is^  the  next  stage  in  this  research  effort  involved 
creation  of  a  Computerized  Laboratory  School  System  (CLASS),  made  possible 
in  88K.. 


Another  exarq>le  of  present  research  at  SDC  vhich  can  be  expanded 
through  the  medium  of  the  new  l^oratory  is  the  study  of  Hansgement  Control 
Systems.  Research  acco^lishments  to  date  consists  of  a- "conputer  siTmilatlqn'* 
of  the  behavior  of  a  business  system.  IMs  model  enables  the  study  of  the 
reaction  of  organization  to  Bpecific  changes  under  alternative  sets  of 
deelsipn .  rules .  As  interesting  as  the  conputer  simulation  might  be>  It  will 
be  found  lacking  in  a  basic  ingredient  insofar  as  acceptance  by  real-vorld 
managers  is  concerned.  That  yigredient  is  the  true  human  variabili'^  In 
decision  making.  The  particular  mod^  certainly  can  be  made  more  valid  « 
albeit^  more  complex  and  leas  controllable  »  by  introdiicing  human  deeialoa 
nakara  at  certain  critical  pointa  in  place  of  deeiaion  rtdea.  Such  a 
"isbpratozy  almulation”  model,  at  a  later  phase  of  the  reaeareh,  la  cone 
tenplatad  la  SSfO.. 


The  first  new  researGh  endeavor  to  exsiloit  the  facilities  is  a 
Study  Of  a  tenainal  air  traffic  control  system  operating  in  a  post*1970  ai? 
environment «  Projected  increases  jn  traffic  volume  and  aircraft  ^eeds  indicate 
that  terminal  control  zones  will  increase  in  site  and  viH  therefore  include 
many  aii^rts  within  a  single  co^>le3Ci  coordination  among  many  airports  of  the 
control  of  high  density  traffic  of  widely  differing  performance  characteristics 
poses  Significant  problems  of  organization  and  planning.  It  is  believed  that 
in  Order  to  effect  the  saie^  orderly  and  e^editioua  flow  of  air  traffic  in 
a  terminal  complex^  there  will  be  a  need  for  a  new  planning  agency  in  addition 
to  the  control  agencies  in  intimate  contsiet  %rLth  the  detaila  of  the  environments 
^e  general  purpose  of  this  project  is  to  investigate  the  functional  inter- 
actions  among  the  control  agencies^  and  to  evolve  alternative  hspothesea  re¬ 
garding  sv^rordinate  planning  agenciet* 


In  the  first  phase  of  the  project  the  configuration  aUculated  is  an 
air  traffic  control  system  for  a  two-alrport  terminal  cof^ex.  The  system 
eonsilts  of  representationB  of  various  agencies  for  each  of  the  two  airports. 
Some  of  these  agencies  include  human  operators  while  Others  are  represented 
eqipletely  by  automatic  processes.  The  objectives  of  Phase  I  are  to  study 
Inter-alrport  coordination  problems  and  to  Identify  signtflcsnt  variables  for 
future  systeoatic  inveatigation.  Additional  plaimlng  and  eoerdlnatloD 
funetioDs  will  be  added  in  subaeguent  eenfigurations  as  they  are  Indicated  by 
Pbase  I  results.  Ihls  project  -  involving  a  "laboratory  slmulatlpn"  model  « 
it  an  excellent  example  of  the  utilization  of  the  best  a^^cti  of  the  broad 
range  of  s Imulatlon  teclml^es  in  order  to  esqperiment  ^th  a  eoizplex  naa- 
machtoe  iyateii. 


Jn  the  vide  range  of  simulation  work  reviewed  la  thli  peper  twp 
distinct  activities  stand  out,  neither  one  taking  much  eognlzance  of  the 
other*  On  the  one  hsod,  BiniQ.atlon  work  Is  being  dene  in  the  Operations 
Beseareh  field  which  may  be  elaselfled  largely  as  "computer  simulation.’'  On 


the  other  haad^  there  is  the  group  Of  'behavioral  aciehtists,  experimehtal 
psyebologiits  in  partieular,  eogeged  in  the  slfsulatlon  of  enVironinentsi 
eoBdltlons  vhleh  may  be  called  "laboratozy  sisulatiODi  "  Each  of  these  groups 
eeuld  learn  a  great  deal  from  the  other*  Furthermore^  there  is  increasing 
evidence  that  "pure"  simulation  vill  have  to  be  modified  if  it  is  to  stand 
the  teat  of  validation.  Wiat  is  necessazy  is  the  marriage  of  the  two 
approaches  »  a  realistic  possibili'ty  in  the  new  man-machine  system  laboratozy. 
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Unclassified  report 


HUSCriptqhss  Simulation.  Monte  Carlo 
Method. 


Appraises  the  current  work  in  simulation. 
Reviews  definitions  of  the  word  "  simiiiation' 
Reports  that  while  the  Monte  Carlo  Method 
represents  a  very  powerful  and  useful 


techniq.ne  in  simulation,  it  does 
not  encompass  all  the  legitimate 
scientific  aspects  of  simulation. 

States  that  the  selection  of  appropriate 
elements  of  a  system  to  be  simulated 
and  the  classification  of  simulation 
types  remain  continuous  problems  in  the 
field  of  simulation.  Discusses  the 
advantages  of  simulation  as  a  research 
tool,  and  reviews  simulation  activities, 
Describes  the  Systems  Simulation  Research 
Laboratory  (SSRL)  which  became  operational 
at  System  Development  Corporation  in  I96I. 
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